The association of chronic cigarette smoking and abstention with oxidative DNA damage was studied. The serum level of an oxidative DNA damage marker, 8-hydroxy-2′-deoxyguanosine (8-OHdG), was measured in 20 healthy male smokers and 8 healthy male non-smokers. The 8-OHdG level was significantly higher in the smokers than in the non-smokers (0.22 ± 0.05 vs. 0.07 ± 0.02 ng/ml, p < 0.001). Ten of 20 smokers abstained from smoking for 4 weeks. Their 8-OHdG levels were significantly reduced by the smoking abstention (0.27 ± 0.05 to 0.14 ± 0.02 ng/ml, p < 0.001). The remaining 10 not only abstained from smoking, but also received 2 g/day of oral vitamin C. Their 8-OHdG levels were also significantly reduced (0.27 ± 0.05 to 0.13 ± 0.02 ng/ml, p < 0.001). However, there was no significant difference in the serial changes in 8-OHdG level between the smoking abstention group and the smoking abstention with vitamin C supplementation group. These results suggest that chronic cigarette smoking enhanced oxidative DNA damage, but the damage was repaired by smoking abstention, and that vitamin C supplementation might not enhance the repair. In light of the DNA damage, smoking abstention should be encouraged.
INTRODUCTION
Cigarette smoking is a major source of production of exogenous pro-oxidants, reactive oxygen species and free radical generators, which are present in both gas and particulate phases. 1) Smoking results in an elevation of reactive oxygen species and the depletion of its scavengers in the circulating blood. 1, 2) In this situation, in which the dynamic balance between pro-oxidation and anti-oxidation is shifted towards the former, oxidative stress occurs. Oxidative stress may lead to cell damage and malfunction through the free radical-mediated decomposition of vital molecules, such as DNA, proteins and lipids. 3) Lipid peroxidation is one of the most biologically important free-radical reactions. 4) If unopposed with an efficient local anti-oxidative defense system, peroxidative injury to the plasma phospholipids may lead to severe cell damage. On the other hand, DNA is also a major target of constant oxidative damage from endogeneous oxidants. Although numerous defense systems protect cellular macromolecules against oxidation, there is a high rate of damage to DNA. The DNA damage has been assessed by measuring the steady-state level of 8-hydroxy-2′-deoxyguanosine (8-OHdG) in DNA in various tissues.
5-7) 8-OHdG is secreted into the blood stream and also into urine, [6] [7] [8] providing an estimate of the repair from damaged DNA. Measurement of its levels in both blood serum and urine has been possible using enzyme-linked immunosorbent assay (ELISA). 8, 9) The purpose of this investigation was to study the association of chronic cigarette smoking, abstention and vitamin C supplemention with this marker for oxidative DNA damage.
MATERIALS AND METHODS
Study Protocol ---Twenty healthy male smokers, who habitually smoked 20 cigarettes or more every day, were recruited as volunteers for this study. After 4 weeks' of observation for the control, the subjects were asked to abstain from smoking for 4 weeks. Ten (34 ± 5 years) of these subjects were asked to abstain from smoking only, and the remaining 10 (35 ± 7 years) also received 2 g/day of oral vitamin C by tablets during the 4-week period of smoking abstention. Eight non-smokers (33 ± 6 years) were also selected as control subjects. No subject was habitually given vitamin E in addition to vitamin C, or any other anti-oxidant supple-*To whom correspondence should be addressed: Department of Cardiology, Koshigaya Hospital, Dokkyo University School of Medicine, 2-1-50, Minamikoshigaya, Koshigaya City, Saitama 343-8555, Japan. Tel.: +81-489-65-1111; Fax: +81-489-65-1128; E-mail: inouet@dokkyomed.ac.jp ments. Blood samples were taken for the measurement of serum levels of 8-OHdG at the beginning of the study, at the end of the control period, and at the end of the 4-week period of smoking abstention. For the non-smokers, blood samples were taken once. All of the blood donors were required to be free from any drugs known to have antioxidative action for 14 days and for 48 hr prior to blood collection. They were requested to eat a light meal on the night before blood collection, and to consume no food, fruit juice or caffeine-containing beverages in the morning of the blood collection day. These conditions were explained to all volunteers in advance, and written informed consent was obtained from all volunteers. The study protocol was approved by the ethics committee at our institute. Blood was collected under a fasting state early in the morning at each time period. A total of 10 ml of blood was taken from each participant by venipuncture of the antecubital vein. Blood was immediately collected in a plain tube, and serum was separated by centrifugation at 3000 × g for 20 min. Determination of Serum 8-OHdG Level ---Before each 8-OHdG assay, serum samples were again separated by centrifugal ultrafiltration at 1500 × g for 60 min using ULTRACENT-10 (Toso Co., Ltd., Tokyo, Japan). The filtration samples were used to determine 8-OHdG with a competitive ELISA kit (8-OHdG Check, Japan Institute for the Control of Aging, Fukuroi, Shizuoka, Japan). Microtiter ELISA plates were precoated with 8-OHdG. Fifty microliters of the filtration sample and an 8-OHdG monoclonal antibody were added to each well, and they were incubated at 4°C for 18 hr. After the wells were washed 3 times, enzyme-labeled peroxidase (POD)-anti-mouse IgG was added, followed by incubation at 37°C for 60 min. The wells were again washed 3 times. Next, a substrate containing 3,3′,5,5′-tetramethylbenzidine (TMBZ) was added, and the wells were incubated at room temperature for 15 min. The reaction was stopped by 1 M phosphoric acid. The absorbance was read at a wavelength of 450 nm. The specificity of the monoclonal antibody used in the competitive ELISA kit has been established. Inter-and intra-assay variances for the procedure were 10.2% and 9.5%, respectively. Statistical Analysis ---Data are expressed as means ± S.D. Inter-group comparisons for continuous variables were performed with unpaired t-tests. Intra-group comparisons at each blood sampling point were performed using repeated measures analysis of variance (ANOVA). p < 0.05 was considered significant.
RESULTS
In the 20 smokers, the serum 8-OHdG level was 0.22 ± 0.05 ng/ml at the beginning of study, which was significantly higher (p < 0.001) than the value of 0.07 ± 0.02 in the 8 non-smokers (Fig. 1) . There was no significant difference in the values at the beginning of the study between the groups with smoking abstention (n = 10) and smoking abstention with vitamin C supplementation (n = 10) (0.23 ± 0.06 vs. 0.24 ± 0.03 ng/ml). In both groups, the values did not change at the end of the control period (0.27 ± 0.05 and 0.27 ± 0.05 ng/ml, respectively in the smoking abstention group and the smoking abstention with vitamin C supplementation group), but significantly decreased in both at the end of the 4-week period of smoking abstention (0.14 ± 0.02, p < 0.001 and 0.13 ± 0.02 ng/ml, p < 0.001, respectively). There was no significant difference in the serial changes between the groups with and without vitamin C supplementation (Fig. 2) .
DISCUSSION
In this study we demonstrated that the serum 8-OHdG level was higher in smokers than in nonsmokers, and that the 8-OHdG level in the smokers was decreased to a level equivalent to that of nonsmokers by 4 weeks of smoking cessation. The decrease in the 8-OHdG levels resulting from smoking abstention was not modulated by vitamin C supplementation. These results suggest that oxidative DNA damage was induced by habitual cigarette smoking, but was repaired by abstention and that the repair was independent of vitamin C supplementation.
It has been proposed that biological damage caused by reactive oxygen species, such as superoxide radical, singlet oxygen, hydrogen peroxide, and the hydroxyl radical, contributes to aging and various diseases, such as cancer and heart disease. [10] [11] [12] These oxygen species are formed in vivo as byproducts and intermediates of aerobic metabolism and during oxidative stress. Numerous defense systems protect cellular macromolecules against oxidation; nevertheless, there is a high rate of damage to DNA.
13) The oxidized DNA is continuously repaired, and the oxidized bases are excreted into the blood serum and then the urine. The oxidized nucleoside, 8-OHdG, is one of the known oxidative DNA damage products. The 8-OHdG levels have been measured in DNA isolated from various organ tissues. 6, 7) Recently, its urinary levels have been determined by high performance liquid chromatography (HPLC). 14) More recently, a monoclonal antibody specific for 8-OHdG has been developed, and an ELISA system for serum or urinary 8-OHdG determination constructed. 8, 9) The measurement of the serum or urinary 8-OHdG levels provides some information on the effects of various degrees of oxidative stress on DNA level, differently from other oxidative stress markers, such as lipid peroxidation markers, including thiobarbituric acid-reactive substances (TBARS) 15) or F 2 -isoprostanes. 16) Cigarette smoking is a well-known inducer of oxidative stress, which often results in increased lipid peroxidation. Enhanced circulating levels and urinary excretion of F 2 -isoprostanes have been reported in smokers in association with increased levels of oxidative stress. 17) On the other hand, the increased serum level of 8-OHdG in smokers in our results suggests that tissue damage caused by smoking-induced oxidative stress extends to the DNA level. Increased urinary 8-OHdG excretion in smokers has already been reported by several investigators. 18, 19) However, to the best of our knowledge, our study might be the first to demonstrate that oxidative DNA damage is repaired by smoking abstention. It is suggested in smokers that the activity of O6-alkylguanine-DNA-alkyltransferase, a DNA repair enzyme, decreases, compared with that in non-smokers. 20) Thus, smoking abstention may lead not only to a reduction of oxidative DNA damage progression but also to accelerating some DNA repair enzymes.
Vitamin C is known to be an anti-oxidant supplement. However, the effect of vitamin C on 8-OHdG formation has remained controversial. Fraga et al. 21) reported that a high intake of vitamin C protected against 8-OHdG formation in human seminal DNA. In contrast, Loft et al., 18) demonstrated that the intake of vitamin C was not correlated with 8-OHdG excretion. In our results, vitamin C supplementation did not appear to produce any additional reduction of oxidative DNA damage beyond that attributable to smoking abstention.
In conclusion, chronic cigarette smoking enhanced oxidative DNA damage, as reflected by the serum 8-OHdG level, but the damage was decreased to the non-smokers' level by smoking abstention. In light of the DNA damage, smoking abstention should be encouraged. There was no significant difference in the values at the beginning of the study between the two groups. In both groups, the values did not change at the end of the control period, but significantly decreased at the end of the 4-week smoking abstention. There was no significant difference in the serial changes between the groups. *p < 0.001 vs. beginning, †p < 0.001 vs. 4 weeks' control. Japan). We thank Mr. Hiroshi Endo, Tanabe R&D Corporation (Toda, Saitama, Japan), for the ELISA assay of 8-OHDG.
